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Introduction
Papaya (Carica papaya) is an important fruit tree cultivated in most tropical countries. The native distribution of papaya ranges from southern Mexico to Costa Rica (Cavalho 2013) . Powdery mildews are important fungal diseases on many different crops and several powdery mildew species have been described on papaya. Oidium caricae, introduced by Noack (1898) , was the first name given to a powdery mildew based on material collected in Brazil. The original description of this species was brief and incomplete, which led to this name being misapplied to different species of papaya powdery mildew worldwide. Braun (1987) applied this name to a papaya powdery mildew with catenescent conidia, containing fibrosin bodies and reduced it to synonymy with Sphaerotheca caricae-papayae. When Liberato et al. (2004) re-examined type material of O.
trees was tested with bootstrap (BS) analysis using 1000 replications with the step-wise addition option set as simple (Felsenstein 1985) . Tree scores, including tree length, consistency index (CI), retention index (RI), and rescaled consistency index (RC), were also calculated. The ML analysis was done using raxmlGUI (Silvestro & Michalak 2012) , under a GTRGAMMA model. The BS supports and trees were obtained by running rapid bootstrap analysis of 1000 pseudo-replicates followed by a search for the tree with the highest likelihood.
Results

Phylogenetic analyses
New ITS sequences were obtained for eight Erysiphe samples on Carica papaya in this study. These sequences were analyzed with three other Erysiphe sequences deposited in GenBank. The data set consisted of 62 sequences and 608 characters, of which 213 (35.0%) characters were variable and 130 (21.4%) characters were informative for parsimony analysis. A total of 2.4 × 10 4 equally parsimonious trees with 578 steps were constructed by the MP analysis. Topologies were nearly consistent among the trees except for branching orders of the terminal branches and branch length. A typical tree is shown in Fig. 1 . Since the maximum likelihood analysis generated nearly the same tree topology as the MP analysis, only BS supports are shown. Eleven sequences from samples on Carica papaya were included in this analysis. ITS sequence GU358452, reported by Tsay et al. (2011) was identical to those of E. diffusa (AB078800, AB078806, AB078813) and differed only by two nucleotides (99.6% similarity) from the sequence of "Oidium caricae" collected in Brazil (MF616622). Two sequences from papaya collected in North America (Mexico and USA) were identical and formed a distinct clade with BS supports of 99% (MP) and 100% (ML). "O. caricae" and the North American samples differed by 9 nucleotides (98.5%). The ITS sequences from five samples collected in Thailand were identical and also matched Erysiphe aquilegiae (AB015929) and Erysiphe euphorbiae (LC010073). These sequences differed by only one base from GU358451 deposited as "Oidium neolycopersici" from Taiwan (Tsay et al. 2011) and were members of the Erysiphe aquilegiae clade (Takamatsu et al. 2015) . A sequence named Erysiphe caricae that was collected in Ukraine (LC009901) was phylogenetically distant from other Erysiphe spp. on papaya.
A BLAST query of an ITS sequence obtained from a collection in Hawaii matched with 100% identity to a sequence of Erysiphe necator (AF011325), the pathogen which causes powdery mildew of grapevine. Additional sequences of E. necator from grapevine obtained from GenBank and an ITS sequence from a specimen on Caryocar brasiliense (Caryocaraceae) collected in Brazil were used to construct a phylogenetic comparison with the Hawaiian isolate. The data set consisted of 17 sequences and 568 characters, of which 91 (16%) characters were variable and 23 (4%) characters were informative for parsimony analysis. Parsimony analysis generated nearly two million equally parsimonious trees with 100 steps. All these trees were identical in topology and differed only in branch lengths. One tree is represented here (Fig. 7) . The sequences from both Carica papaya and Caryocar brasiliense belonged to the same clade as Erysiphe necator and are undoubtedly conspecific.
Four powdery mildew specimens collected in this study were shown to be in the Podosphaera group, based on ITS sequence analysis. Two specimens were from the US and two were from Thailand. These ITS sequences were analyzed phylogenetically with other Podosphaera sequences retrieved from GenBank. Cystotheca lanestris and Cy. wrightii were used as outgroup taxa. The data set consisted of 39 sequences and 494 characters, of which 145 (29.4%) characters were variable and 110 (22.3%) characters were informative for parsimony analysis. Parsimony analysis generated two equally parsimonious trees with 290 steps. A tree with higher likelihood value is shown in Fig. 8 . Sequence GU358450 from Taiwan belonged to the clade of Podosphaera xanthii. The four sequences from this study were identical and form a separate clade with strong BS supports (MP = 85%, ML = 97%). This clade belongs to subsect. Sphaerotheca in Podosphaera sect. Sphaerotheca.
Multiple taxa of Erysiphe hidden within "Oidium caricae"
Asexual morphs found on papaya forming lobed hyphal appressoria and solitary conidia had been previously referred to as Oidium caricae. Initial molecular analyses cast doubts upon whether these collections represent a single taxon (Tsay et al. 2011 , Takamatsu et al. 2015 . In addition, Pseudoidium asexual morphs on papaya that were sequenced did not cluster together in our phylogenetic trees, suggesting that several Erysiphe species cause papaya powdery mildew. These results led to a more detailed examination of this complex of species. The molecular analysis of Oidium caricae material from Brazil, close to the region of the location of epitype material designated by Liberato et al. (2004) , was the key to distinguishing O. caricae from other papaya powdery mildews in the Erysiphe group. New samples were collected and the sequences were obtained from Robert Barreto's working group in Viçosa, Brazil. Based on the present phylogenetic results, the following Erysiphe spp. have been identified on papaya.
Figure 1 -Phylogenetic analysis of Erysiphe species on Carica papaya was based on combined DNA sequences of internal transcribed spacer (ITS) region. This is a representative tree of the 2.4 × 10 4 equally parsimonious trees with 578 steps, which were found using a heuristic search. Horizontal branch lengths are proportional to the number of substitutions that were inferred to have occurred along a particular branch of the tree. BS (≥ 70%) values by the maximum parsimony (MP) and maximum likelihood (ML) methods were shown on the respective branches.
(1) Erysiphe caricae U. Braun & Bolay, Cryptog. Helv. 20: 46, 2005 Braun & Cook (2012: 369, fig. 412 ).
Facesoffungi number: FoF 03788 Morphology of the asexual morph of E. caricae: Mycelium on leaves, amphigenous, also on petioles, effuse or in patches, white, thin to dense and felted; hyphae 4-8 µm wide, hyaline, thin-walled, smooth; hyphal appressoria solitary, occasionally in opposite pairs, nipple-shaped to moderately lobed, 3-7 µm diam; conidiophores arising from superficial hyphae, from the upper part of the mother cell, erect, up to about 90 µm long (without conidia), foot-cells (20-)25-55 × 6-9 µm, usually straight, occasionally somewhat curved or slightly sinuous, followed by 1-2 shorter cells or second cell about as long as the foot-cell or even slightly longer, 12-30 µm long. Conidia solitary, ellipsoid-ovoid to cylindrical, (25-)30-50(-60) × 12-23(-25) µm, germ tubes perihilar, short to moderately long, with terminal lobed appressoria. Description of the sexual morph (chasmothecia): see Bolay (2005: 46) and Braun & Cook (2012: 369 Braun & Bolay (in Bolay 2005) , based on European material collected in Switzerland. This was the first Erysiphe species on papaya based on holomorph material that included mature chasmothecia. Additional specimens with ascomata were collected in Ukraine and included in molecular sequence analyses in Takamatsu et al. (2015) , which confirmed the status of E. caricae as a distinct species, clustering in a different clade that is distant from other Erysiphe spp. on papaya (Fig. 1) . The asexual morphs of E. caricae and Oidium caricae are nearly indistinguishable by morphology, which explains the earlier treatment of O. caricae as a synonym of Erysiphe caricae in Braun & Cook (2012) . However, our phylogenetic analyses clearly showed that E. caricae, which is, to the best of our knowledge, only known from Europe, and O. caricae, described from Brazil, are two unrelated species. A specimen collected in Germany (Brandenburg, Oranienburg, Oranienburger Schloßgarten, on Carica papaya, 26 August 2009, V. Kummer, only asexual morph, HAL 3190 F) seems to belong to Erysiphe caricae, but has not yet been confirmed by sequence analyses. Mycelium on leaves, amphigenous, also on petioles, forming thin to dense white patches or effuse, evanescent to persistent; hyphae superficial, branched, 2-7 µm wide, septate, hyaline, thinwalled, smooth; hyphal appressoria solitary or in opposite pairs, nipple-shaped or slightly lobed to multilobed, 3-7 µm diam. Conidiophores arising from superficial hyphae, on the upper surface of the mother cell, erect, 60-150 µm long (without conidia), foot-cells 20-70 × 5-9 µm, cylindrical, usually straight, occasionally somewhat curved to sinuous, followed by 1-3(-4) cells, 8-50 × 8-12 µm, mostly shorter than the foot-cell, second cell occasionally about as long as the foot-cell or even longer, width of the following cells often gradually increasing towards the end of the conidiophores, somewhat wider than the foot-cells. Conidia solitary, ellipsoid-ovoid, subcylindrical to almost cylindrical, 25-40 × 14-18 µm, apex rounded to subtruncate, base rounded to truncate. Germination not observed. Chasmothecia scattered to gregarious, 103-185 μm diam; peridium cells irregularly polygonal, 10-20 μm diam; appendages about 4-10(-15), arising between base and equator, horizontally spread, simple, occasionally 1-2 times irregularly branched, coarse and straight, flexuous or slightly sinuous-geniculate, 140-325 long and 6-8 μm wide, septate, brown below and paler towards the apex or brown throughout when mature, wall thickened towards the base, 2.3-3.5 µm, smooth, sometimes faintly rough; asci 4-9, ellipsoid-obovoid, clavate-saccate, 35-60 × 27-36 μm, wall thick, 2.5-4 µm, sessile or short-stalked, (2- Kiss. In the course of the present study, additional sequences obtained from papaya powdery mildews collected in Thailand were found to be identical with the Taiwanese sequence (see Fig. 1 ). The sexual morph (chasmothecia) was found in one of the collections. Pseudoidium neolycopersici (L. Kiss) L. Kiss phylogenetically belongs to a complex clade, classified as "Erysiphe aquilegiae clade" in Takamatsu et al. (2015) . This clade is composed of closely allied Erysiphe species, including Pseudoidium neolycopersici, but has insufficient resolution within the ITS region. This phenomenon is not uncommon in other complexes of closely allied ascomycete species including the Cercospora apii Fresen. complex (Groenewald et al. 2012 ) and species of Cladosporium Link (Bensch et al. 2012) . Further phylogenetic examinations using sequences from additional genes are necessary for trees with better resolutions. The identification of these powdery mildew collections on papaya as "Oidium neolycopersici" by Tsay et al. (2011) is not tenable. Conidiophores and conidia of the species in the E. aquilegiae complex are rather uniform, with few characters that can be morphologically differentiated. However, the sexual fruiting bodies found on papaya in Thailand allow more precise comparisons and differentiations. The chasmothecia found on papaya in Thailand are much larger than Erysiphe aquilegiae fruiting bodies (103-185 μm diam vs. (65-)75-115(-125) µm in E. aquilegiae), with fewer appendages 4-10(-15) per chasmothecium (vs. numerous, (4-)10-30(-50) in E. aquilegiae), thicker-walled towards the base of the appendage (wall 2.3-3.5 µm wide vs. 1-2(-2.5) µm wide in E. aquilegiae), and contain asci that are thickerwalled, (2.5-)3.5-4 µm vs. 1-2.5(-3) in E. aquilegiae. Amongst other species of Erysiphe sect. Erysiphe, E. malvae Heluta is morphologically comparable with E. caricae-papayae, but this species differs in having frequently branched, only 0-1-septate chasmothecial appendages (Braun & Cook 2012) . Based on the genotypic and phenotypic results, the present Erysiphe species on papaya in Thailand is undoubtedly a distinct species. Facesoffungi number: FoF 03790 Morphology of the asexual morph found on papaya (based on VIC 26556, 44310): Mycelium amphigenous, thin, inconspicuous to conspicuous, persistent, forming dense white patches, confluent; hyphae branched, 4-8 µm wide, hyaline, thin-walled, smooth, septate; hyphal appressoria slightly lobed to multilobed, solitary or in opposite pairs; conidiophores arising from superficial hyphae, on the upper surface of mother cells, erect, 55-100 × 9-12.5 µm (without conidia), foot-cells straight or occasionally somewhat curved or flexuous, 20-45 µm long, followed by 1-2(-3) cells, mostly shorter or about as long as the foot-cell; conidia formed singly, ellipsoidovoid to cylindrical, 25-60 × (10-)13-20(-25) µm, both ends rounded to subtruncate, germ tubes perihilar, short to two times as long as the conidial length, simple or occasionally forked, terminal appressoria unlobed to lobed. (2011) reported Erysiphe diffusa on papaya from Taiwan and confirmed the identification by means of molecular sequence analyses. ITS sequences obtained from papaya were 100% match to sequences from E. diffusa on Glycine spp., suggesting that papaya may be another host of E. diffusa. This is the first report of E. diffusa on a host other than a legume. Since the morphology of the asexual morph found on papaya was not described in detail in Tsay et al. (2011) , it is unknown if isolates from the two hosts are morphologically similar. A sequence retrieved from representative material of Oidium caricae from Brazil is 99.6 % identical (two bp difference) to E. diffusa sequences, suggesting that a single species is involved (Fig. 1) . The Brazilian sequence was not retrieved from the scanty epitype material but from a sample recollected at the epitype locality in 2016 by M. de Macedo. Therefore, we consider that O. caricae is synonymous with E. diffusa. The name Oidium caricae has been often used incorrectly for papaya powdery mildews that were not related to O. caricae. Braun (1987) 1982b) . The type material deposited at K was annotated by the latter author accordingly. Unfortunately, the type material is now almost devoid of any fructification. Therefore, Liberato et al. (2004) designated an epitype collected in Brazil. Boesewinkel (1982a,b) examined papaya powdery mildew found in New Zealand and provided a detailed survey and discussion. Boesewinkel (1982b) carried out inoculation experiments and was able to inoculate Erysiphe cruciferarum Opiz ex L. Junell from radish to papaya. Therefore, he proposed to reduce O. caricae to synonymy with E. cruciferarum, and several authors followed Boesewinkel's (l.c.) taxonomic conclusion and used E. cruciferarum for Pseudoidium anamorphs on papaya (e.g., Gorter 1993 , Crous et al. 2000 Teixeira et al. 2007; Cunningham & Nelson 2012, Hawaii) . However, this "identification" was based only on papaya powdery mildew collected in New Zealand and cannot be simply applied to O. caricae described from Brazil. Furthermore, there are several morphologically very similar asexual Erysiphe morphs on papaya worldwide. Since detailed descriptions and sequences of the collections from Hawaii, New Zealand as well as South Africa are not available, these records cannot be properly identified currently. However, sequence analyses of material of O. caricae, collected in Brazil and representative for this species, showed that the Brazilian papaya powdery mildew does not cluster with E. cruciferarum sequences but matches E. diffusa (Fig. 1) . The name O. caricae has been applied to papaya powdery mildews worldwide (Fossard 1969 , Amano 1986 , but due to the widespread misapplication of this name explained above and the occurrence of different Erysiphe species with morphologically similar asexual morphs on papaya, most of these records cannot be assigned to names with any confidence.
Erysiphe diffusa is common in North America and known from South America (Amano 1986, Braun & Cook 2012). Fu et al. (2015) recently recorded E. diffusa on Wisteria sinensis in China. A first report of Erysiphe on Glycine dates back to Wahl (1921) who listed Erysiphe polygoni on this host, followed by Lehman (1931) who also identified this powdery mildew as E. polygoni. Later, Lehman (1947) re-examined it and identified it as Microsphaera sp. The first published reports of the sexual morph of the Glycine powdery mildew seem to refer to Paxton & Rogers (1974) and McLaughlin et al. (1977) . Mignucci & Chambertain (1978) (Takamatsu et al. 2002 , Cho & Shin 2004 , McTaggart et al. 2012 , Baiswar et al. 2016 . Sexual morph unknown. Mycelium amphigenous, thin, forming loose to dense white patches or effuse; hyphae branched, 3-8 µm wide, hyaline, thin-walled, smooth, septate; hyphal appressoria slightly to distinctly lobed, 3-8 µm diam; conidiophores arising from superficial hyphae, on the upper surface of mother cells, erect, 50-100 µm long (without conidia), foot-cells 25-50 × (6-)7-9(-10) µm, cylindrical or subcylindrical, straight, occasionally flexuous, somewhat sinuous, basal septum at the junction with its mother cell or slightly elevated (to 5 µm), 1412 occasionally constricted at the basal septum (5-6 µm wide), foot-cells followed by 1-3 cells, 10-35(-40) µm long, shorter than the foot-cells or about as long as the foot-cells, occasionally even longer; conidia formed singly, ellipsoid, subcylindrical to cylindrical, (30-)35-50 × 13-20 µm, apex rounded to subtruncate, base truncate to subtruncate, germ tubes perihilar, short to moderately long, terminal appressoria unlobed to lobed or apex curved-sigmoid (only a few germ tubes naturally developed on leaves have been observed).
Material examined -Mexico, Huamuxtitlan, Mpio. Soldaña et al. (1985) , Yánez-Morales et al (2009), and Fernández-Pavía et al. (2015) . These reports might refer to E. fallax, which is morphologically barely distinguishable from the asexual morph of E. diffusa. Sequences of this papaya powdery mildew (ITS/28S rDNA) from specimens collected in Mexico and the USA are identical and cluster close to sequences of E. diffusa (including O. caricae from Brazil). However, they cluster with a correlation rate of 98.5%, suggesting that two different species are involved (Fig. 1) . Since asexual morphs of Erysiphe spp. on papaya are morphologically similar, reliable identification of E. fallax collections must be confirmed by means of molecular sequence analyses.
Figure 7 -Phylogenetic analysis of Erysiphe necator on Carica papaya based on combined DNA sequences of internal transcribed spacer (ITS) region. This is one of the nearly two million equally parsimonious trees with 100 steps, which were found using a heuristic search. Horizontal branch lengths are proportional to the number of substitutions that were inferred to have occurred along a particular branch of the tree. BS (≥ 70%) values by the maximum parsimony (MP) and maximum likelihood (ML) methods were shown on the respective branches. (Fig. 7) . However, an unequivocal morphological confirmation was not possible since twisted foot-cells of the conidiophores, which are characteristic for E. necator, were not observed on papaya. Powdery mildew of Carycar sp. (Caryocaraceae) by E. necator (material collected in Brazil in 2004 by J.C. Dianese, TSU-MUMH 5733, GenBank number (ITS): LC228609), identified by molecular sequence analyses, is an additional case of a possible cross-infection of E. necator on an unrelated host. However, the morphology of the Carycar collection could not be proven and the remaining material is insufficient for a detailed analysis. Morphologically, the powdery mildew on Carycar sp. could only be shown to belong to Erysiphe (appressoria lobed, conidia formed singly). fig 3) . Facesoffungi number: FoF 03793 Description of the asexual morph: Mycelium on leaves, forming thin white patches or effuse; hyphae 4-8 µm wide, septate, thin-walled, smooth; hyphal appressoria indistinct to nipple-shaped; conidiophores arising from superficial hyphae, on the upper surface of the mother cell, arising more or less centrally on the mother cell or mostly non-centrally, i.e. towards one end, erect, straight, about 50-100 µm long (without conidia), foot-cells cylindrical, relatively short, 30-50 × 9-13 µm, followed by 1-3 shorter cells, about 10-25 µm long, often slightly constricted at the basal septum at the junction with the supporting hypha, 7-8 µm wide; conidia catenescent, ellipsoid-ovoid to doliiform, 25-38 × 14-20 µm, with fibrosin bodies, apex rounded in primary conidia, subtruncate in secondary conidia, base subtruncate, germ tubes long and cylindrical-filiform, continuous to septate, without distinct terminal appressorium.
Additional powdery mildew species occurring on papaya
Holotype: Taiwan Notes -Clare (1964) listed a powdery mildew on papaya from Australia, including ascomata, and classified it as a species of Sphaerotheca which is now known as Podosphaera aphanis (Wallr.) U. Braun & S. Takam. This powdery mildew caused significant damage to papaya and could even kill the young growing tips and infect fruits (Simmonds 1965 , Boesewinkle 1982b . Species of the P. aphanis complex (subsect. Sphaerotheca) are readily distinguishable from P. xanthii (subsect. Magnicellulatae) in having chasmothecia with much smaller peridial cells and clear differences in the asexual morphs, including a quite distinct conidial germination pattern (Braun & Cook 2012) . In the course of the present examinations of papaya powdery mildews, two sequences from Thailand and two from the USA, clustering near to P. aphanis and P. fugax (Penz. & Sacc.) U. Braun & S. Takam., have been obtained (Fig. 8) , which may be Clare's (1964) species detected in Australia. Boesewinkel (1982b) interpreted a record of "Oidium caricae" from Java (van Overeem & Schwarz 1926) as "Sphaerotheca alchemillae" (now Podosphaera aphanis), which might also be the same papaya powdery mildew. The collections on papaya recently found in Thailand and in the USA have been sequenced and cluster among other species of Podosphaera sect. Sphaerotheca subsect. Sphaerotheca, but they are not identical to P. aphanis, i.e. they are genetically and morphologically distinct. The asexual morph of this taxon on papaya differs morphologically from that of P. aphanis and other species of subsect. Sphaerotheca in having much shorter cylindrical conidiophores (30-50 µm long, versus 30-160 µm long) and conidiophores that do not increase in width towards the apex, as they do in P. aphanis. These results suggest that this powdery mildew belongs to an unknown species distinct from P. aphanis. The sample from Thailand (TSU-MUMH 3383) proved to be a mixed infection of two powdery mildew species, viz. a Podosphaera sp., morphologically agreeing with the epitype of P. caricicola, and a species of Erysiphe with lobed hyphal appressoria and conidia formed singly which seems to belong to Erysiphe caricae-papayae. Attempts to locate the Australian collection with ascomata failed. We prefer to use the name Oidium caricicola for this species by fixing its application via lecto-and epitypification, rather than introducing a new species. Based solely on the morphology of the asexual morphs, the two species of Podosphaera on papaya, P. caricicola and P. xanthii (incl. P. caricae-papayae) are not easily distinguishable. The conidiophores of P. caricicola are unusually short for a species of Podosphaera sect. Sphaerotheca subsect. Sphaerotheca and resemble those of P. xanthii belonging in subsect. Magnicellulatae. Conidial germination, ascoma morphology, or molecular sequence analyses are necessary to distinguish these species. Yen & Wang (1973) introduced O. caricicola and described nipple-shaped hyphal appressoria, long conidiophores (80-185 × 15-18 µm, including conidial chains) with relatively short cylindrical foot-cells, 30-40 × 11-12 µm, and catenescent conidia, 25-33 × 16-21 µm. The presence or absence of fibrosin bodies was not mentioned. Braun & Cook (2012) interpreted this species as a possible synonym of Podosphaera xanthii based on relatively small conidia formed in chains, since Sphaerotheca caricae-papayae was reduced to synonymy with P. xanthii. However, Yen & Wang (1973) illustrated simple, long germ tubes without any conspicuous terminal appressoria, which conflicts with the interpretation of this species as P. xanthii, a species that belongs to Podosphaera sect. Sphaerotheca subsect. Magnicellulatae. Species of the latter subsection were previously referred to as Sphaerotheca fuliginea s. lat., a species complex characterized by having quite distinct, usually short and stout, often even forked lateral germ tubes (Braun & Cook 2012) . Long cylindrical-filiform germ tubes suggest this species belongs to Podosphaera sect. Sphaerotheca subsect. Sphaerotheca (P. aphanis complex). Boesewinkel (1982b) considered O. caricicola a potential synonym of "Erysiphe cichoracearum" which is questionable, since the conidial size and the described germ tubes are not characteristic of a Golovinomyces. Furthermore, infections on papaya are rather to be expected by the plurivorous G. orontii, which is characterized by having conidiophore foot-cells that are often curved at the base. Since type material of O. caricicola could not be located and was likely not preserved, Liberato et al. (2004) classified this species as a doubtful, unclear taxon, either belonging to Golovinomyces or Podosphaera. A solution to this problem would be possible either by tracing and examining the holotype or by lectotypification of O. caricicola complemented by epitypification. Since the holotype of O. caricicola could not be traced and is possibly not maintained, we prefer to take the latter path. The original, detailed drawing published by Yen & Wang (1973) agrees very well with epitype material from Thailand. This illustration is the only thing remaining of the original material for this species and is therefore designated as lectotype (according to ICN, Art. 9.2, 9.3, 9.12) . Misapplied name: Oidium caricae auct. (Braun 1987) . Description of the sexual morph on papaya (based on a re-examination of holotype material): Chasmothecia scattered to gregarious, 91-109 μm diam; peridium cells conspicuous, large, 21-72 μm diam, shape irregularly polygonal; appendages few, in the lower half, mycelioid, simple or irregularly branched, often interwoven with each other and the mycelium, 50-110 × 5-8 μm, hyaline, later brown throughout or paler towards the tips, septate, walls thin, smooth to rough; ascus broad ellipsoid-ovoid to subglobose, 72-94 × 49-64 μm, sessile or with a very short stalk, wall 3.8-5 μm thick, terminal oculus 15-20 µm diam, (6-) 8-spored; ascospores broad ellipsoidovoid to subglobose, 15-18 × 10-12 μm, colorless.
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Material examined -Japan, Tokyo, Sakuragaoka, Setagaya-ku, on Carica papaya, 2 Dec. 1984, S. Tanda (holotype of Sphaerotheca caricae-papayae TUAMH 2779, isotype HAL 1460 F). Notes -Podosphaera xanthii is readily distinguishable from other papaya powdery mildews by forming catenescent conidia with distinct fibrosin bodies. The hyphal appressoria are unlobed (indistinct to nipple-shaped), and the chasmothecia are characterized by having large peridial cells, about 15-55 µm diam, and asci with large terminal oculi, (10-)15-25 µm diam. The asexual morph of this powdery mildew has previously been confused with Oidium caricae (e.g., in Braun 1987) . Verma & Sharma (1999: 483) emphasized that Oidium caricae, O. indicum, and Sphaerotheca fuliginea refer to a single species. Tanda & Braun (1985) found fruiting bodies of this papaya powdery mildew and described it as Sphaerotheca caricae-papayae. The combination Podosphaera caricae-papayae was later introduced by Braun & Takamatsu (2000) . Braun & Cook (2012) reduced this species to synonymy with the plurivorous P. xanthii, mainly based on the morphological similarity between the papaya Podosphaera and P. xanthii on cucumber and other hosts, as well as the report by Miller (1938) stating that papaya was infected in a greenhouse in California by "cucurbit powdery mildew". Chitambar (2015) emphasized that the synonymy of P. caricae-papayae and P. xanthii is unclear, unproven and in urgent need to be investigated further. Therefore, he maintained the name P. caricae-papayae, at least tentatively. The assignment of Podosphaera on papaya in Thailand to P. xanthii in Meeboon et al. (2016) was erroneous and refers to P. caricicola. However, a sequence recently retrieved from a powdery mildew collection of Podosphaera on papaya in Taiwan clusters within the large P. xanthii clade (Fig. 8) and supports the taxonomy of P. caricae-papayae proposed in Braun & Cook (2012) , including the reduction of the latter species to synonymy with P. xanthii, and should be maintained. Attempts to retrieve sequence data from type material of Sphaerotheca caricae-papayae were not possible due to the paucity of the material concerned. Braun & Cook (2012) cited Oidium caricicola as synonym of P. xanthii, which is, however, doubtful (see notes under O. caricicola). The description of conidiophores and conidia of O. caricicola agrees well with P. xanthii, but the germ tubes illustrated in Yen & Wang (1973) are in conflict with an interpretation of this species as P. xanthii since they are close to those of Podosphaera species of sect. Sphaerotheca subsect. Sphaerotheca. Based on available relatively reliable data and information, the distribution of P. xanthii on papaya can be summarized as follows: Australia, China, Cook Islands, India, Japan, New Zealand, Thailand, USA (Miller 1938 , Alcorn 1968 , Munjal & Karpoor 1973 , Dingley et al. 1981 , Boesewinkel 1982b , Amano 1986 , Braun 1987 , Verma & Sharma 1999 , Paul & Thakur 2006 , Braun & Cook 2012 , Chitambar 2015 , Meeboon et al. 2016 , as "Sphaerotheca fuliginea", S. caricae-papayae, Podosphaera caricae-papayae or P. xanthii). Additional records of Sphaerotheca sp. on papaya from Australia (Shivas 1989) , Hawaii (Raabe et al. 1981) , and Ukraine (Dudka et al. 2004 ) might belong to P. xanthii as well, but they are unproven.
Phyllactinia spp. on papaya
Papaya is attacked by several species of the genus Phyllactinia, including Ovulariopsis (Braun & Cook 2012) . Takamatsu et al. (2016) Braun & Cook (2012) . The relation between P. caricicola and P. caricifolia is unclear. It is possible that the two taxa belong to a single species. The two species have similar dimorphic conidia, but type material of P. caricifolia is insufficient for a final conclusion (Liberato et al. 2004 , Braun & Cook 2012 .
Excluded, doubtful and insufficiently known taxa described from or reported on papaya 
Discussion
Carica papaya and other species of the genus Carica are hosts of numerous powdery mildews belonging to various genera, including some records that are probably classifiable as accidental infections. Some powdery mildew species described on papaya are insufficiently known and have been notoriously confused. Many of these species are reassessed in this work, while others are listed in the section of "Excluded, doubtful and insufficiently known taxa" which urgently require re-examinations of type material and molecular sequence analyses of new collections. In the interim, the names concerned should not be applied in order to avoid further confusion. Oidium caricae, which is probably the most misapplied name amongst powdery mildews on papaya, was especially problematic. This name has been applied to various papaya powdery mildew worldwide. The first published results of molecular sequence analyses of O. caricae-like powdery mildews suggested that different Erysiphe species were involved (Tsay et al. 2011 , Takamatsu et al. 2015 . Additional phylogenetic examinations of O. caricae-like powdery mildews, including a collection from Brazil, have been carried out to distinguish the complex of taxa involved. Results of the analyses showed that at least five different Erysiphe taxa are able to infect papaya, including E. caricae and E. caricae-papayae, currently the only species for which a sexual morph is known. O. caricae, described from Brazil, is reduced to synonymy with Erysiphe diffusa. Collections from Mexico and the USA proved to belong to a separate species, described as E. fallax sp. nov., which is possibly widespread in the native distribution area of papaya from southern Mexico to Costa Rica. This is, however, speculative and needs further studies in the natural range of papaya. Identifications of papaya infections by Erysiphe cruciferarum in New Zealand obtained in the course of inoculation experiment carried out by Boesewinkel (1982b) also need confirmation by means of molecular methods. Similar asexual powdery mildew morphs collected on papaya in Asia belong to different species, including Erysiphe diffusa and E. caricaepapayae. All asexual morphs on papaya belonging to Erysiphe spp., except for E. necator, are difficult to distinguish morphologically and must be confirmed by molecular sequence analyses. The present studies of Erysiphe spp. of papaya are preliminary. Relatively few samples have been analysed to be able to even speculate about the genuine distribution of the taxa involved. Further examinations and analyses of Erysiphe spp. on papaya collected from areas where papaya is native or widely grown are urgently needed. Sequences retrieved from papaya powdery mildews that pertain to Podosphaera are genetically not uniform and cluster in different places on the phylogenetic tree. They represent two different species, viz. P. xanthii (including P. caricaepapayae), belonging to sect. Sphaerotheca subsect. Magnicellulata, and P. caricicola, a species of Sphaerotheca subsect. Sphaerotheca. The currently available knowledge about the occurrence of the two Podosphaera spp. on papaya is still fragmentary but suggests a wide distribution.
